Strains of most SalmoneUa serovars produce either one (monophasic) or two (diphasic) antigenic forms of flagellin protein, but strains capable of expressing three or more serologically distinct flagellins ("complex" serovars) have occasionally been reported. A molecular genetic analysis of a triphasic strain of the normally diphasic serovar SalnoneUa rubislaw revealed that it has three flgellin genes, including the normal fliC (phase 1) and fljB (phase 2) chromosomal genes encoding type r and type e,n,x flagellins, respectively, and a third locus-(herein designated asflpA) that is located on a large plasmid (pRKSO1) and codes for a type d flagellin. The coding sequence of the plasmid-borne gene is similar to that of a phase 1 chromosomal gene, but the sequence of its promoter region is homologous to that of a phase 2 chromosomal gene.
genes encoding type r and type e,n,x flagellins, respectively, and a third locus-(herein designated asflpA) that is located on a large plasmid (pRKSO1) and codes for a type d flagellin. The coding sequence of the plasmid-borne gene is similar to that of a phase 1 chromosomal gene, but the sequence of its promoter region is homologous to that of a phase 2 chromosomal gene.
The irreversible loss of the ability to express a type d flagellin that occurs when the triphasic strain is grown in the presence of d antiserum is caused by deletion of part or all of the flpA gene. Thus, the molecular basis for the unusual serological reactions of the triphasic strain of S. rubislaw and, by inference, other complex serovars of Salmonela is explained. Plasmids of the type carried by the triphasic strain of S. rubislaw provide a mechanism for the generation of new serovars through the lateral transfer and recombination of flagellin genes.
Strains of the diphasic serovars of Salmonella produce two serologically distinct types of flagellin, which is the major component of the bacterial flagellar filament. The alternate expression of different flagellin proteins is known as phase variation; cells in phase 1 express the fliC flagellin gene and those in phase 2 express the fljB flagellin gene and the associated repressor (fljA) of the phase 1 gene (1). Both flagellin genes are located on the chromosome (2) , and phase transition is controlled by a site-specific recombination mechanism that periodically inverts the promoter region of the phase 2 flagellin operon. Antigenic variation of the phase 1 and phase 2 flagellins, in combination with that of the cell-wall lipopolysaccharide, is the basis of the KauffmannWhite serotyping scheme, which is universally employed to classify and identify strains of Salmonella (3, 4) .
Isolates of the more than 2200 recognized Salmonella serovars are normally either diphasic or monophasic (producing only one type of flagellin), but strains that can express three or more flagellins ("triphasic" or other "complex" serovars) have occasionally been reported (4). For example, the serovar Salmonella rubislaw is normally diphasic, with the antigenic formula ll:r:e,n,x, which indicates a lipopolysaccharide oftype 11, a phase 1 flagellin oftype r, and a phase 2 flagellin exhibiting three antigenic factors, e, n, and x. However, a strain recovered from a human in 1963 was identified as a triphasic form of S. rubislaw by McWhorter et al. (5 tThe sequence reported in this paper has been deposited in the GenBank data base (accession no. M58145).
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were as described (10, 11) . Single-stranded DNA for sequencing was generated from gel-purified PCR products by the A exonuclease method (12) . Template DNA was sequenced on both strands, except as noted, as described elsewhere (10) .
Plasmid DNA. The method of Kado and Liu (13) was used to prepare plasmid DNA for gel electrophoresis. DNA for sequencing was isolated by excision of ethidium bromidestained fragments from an agarose gel and purified by extraction with phenol. To sequence the region in front of the flpA gene, a 3.5-kilobase (kb) Kpn I restriction fragment was identified by Southern hybridization with a d allele-specific probe. A Kpn I restriction digest of total DNA from the triphasic S. rubislaw strain was then size-separated on a NuSieve agarose gel, and fragments in the range 3.4-3.6 kb were purified with Geneclean (Bio 101, La Jolla, CA). The fragments were circularized with T4 ligase, and regions external to theflpA gene were PCR-amplified with primers 1 and 9. This inverse PCR amplification (14) Probes specific for the r allele and the hin gene were previously described (10, 11).
RESULTS
The triphasic S. rubislaw strain (RKS 5310) and a diphasic strain of S. rubislaw (RKS 938) were analyzed by multilocus enzyme electrophoresis (16, 17) to estimate their overall genetic relatedness. They proved to be very similar in chromosomal genotype, differing in alleles at only 1 of the 21 chromosomal enzyme loci assayed.
Triphasic S. rubislaw Has Three Flagellin Genes. The hypothesis that the triphasic serovars of Salmonella are merely diphasic strains producing phase 1 and phase 2 flagellins that share a major antigen (8) implies that only two flagellin genes are present. To test this hypothesis, total DNA was prepared from the triphasic and diphasic S. rubislaw strains, restriction digested with EcoRI, and tested with the universal flagellin gene probe to identify fragments containing flagellin gene sequences. Three hybridizing fragments, of 3.6, 15.5, and 17.5 kb, were identified in the DNA from the triphasic S. rubislaw strain (Fig. 1, lane 2) , two of which-the 3.6-kb and 15.5-kb fragments-were shared with the diphasic strain (Fig.  1, lane 1) . The flagellin allele associated with each ofthe three restriction fragments was identified by hybridization with probes for the d allele (17.5-kb), the r allele (3.6-kb), and the hin gene (15.5-kb) (Fig. 1, lanes 3-5) . By analogy with the condition in S. typhimurium (2) , we assume that the hin gene is adjacent to thefljB gene (phase 2 flagellin) in these strains. We conclude that the triphasic S. rubislaw strain has three flagellin genes: fliC (r allele) on the 3.6-kb EcoRI fragment, fljB (e,n,x allele) on the 15.5-kb fragment, and a third gene of the d-allele type on the 17.5-kb fragment. In contrast, the The Third Flagellin Gene Is Plasmid-Borne. The irreversibility of the loss of a major flagellin antigen that is characteristic of triphasic serovars of Salmonella when grown on selective medium suggested that the third gene is located on an accessory DNA element. To explore this possibility, we analyzed plasmid DNA from the triphasic S. rubislaw strain by agarose gel electrophoresis (Fig. 2, lane 6) . This strain carries two plasmids, the largest of which (herein designated pRKS01) is approximately the same size as the 214-kb standard plasmid of S. flexneri strain 24570 (Fig. 2, lane 5 The small deletion detected in the plasmid of strain RKS 5313 is indicated by the hatched box.
pRKS01 is consistent with the observation that only one copy of this gene is present in the triphasic S. rubislaw strain (Fig.  1, lane 3) . To confirm that the third flagellin gene is plasmidborne, pRKS01 DNA was excised from an agarose gel, purified, and subjected to PCR amplification with primers 1 and 2 ( Fig. 3) , which have been used to amplify phase 1 and phase 2 flagellin genes from strains of various Salmonella serovars (10, 11 (14), and from this sequence we designed a PCR primer located 181 bp from the initiation codon of the flpA gene (primer 10, Fig. 3 ). This primer was used, in combination with d allele-specific primers, to PCR amplify and sequence the promoter region of the flpA gene; the region sequenced extends from 164 bp in front of the initiation codon to 60 bp inside the coding region (Fig. 3) .
To assess the extent of sequence variation in the promoter region ofd alleles from various strains, we used primers 2 and 7 to PCR amplify and sequence 244 bp directly in front of the fliC(d) gene of strains of S. muenchen (RKS 3121) and S. typhi (RKS 3333) (10). The segment extends from the coding region of thefliC gene to within 10 bp of the coding region of the fliD gene and was in both cases identical in sequence to the published sequence of this region of the S. typhimurium chromosome (22, 23) .
In Fig. 4 However, the 63-bp region farthest from the coding region of flpA shows little similarity with the corresponding region of fljB (Fig. 4) ; the promoter region of flpA has less homology with that offliC.
In sum, the promoter region and the promoter-proximal In related work, we have interpreted the occurrence of the samefliC alleles in very distantly related serovars of Salmonella as evidence that the lateral transfer and chromosomal integration offlagellin gene sequences is a major evolutionary process generating new serovars (10, 16) . We now suggest that plasmids of the type we have identified are vehicles for the lateral transfer of flagellin genes, and, significantly, we have recently discovered that strains of several other, chromosomally unrelated triphasic Salmonella serovars contain plasmids that are similar in size to pRKS01 (see Fig. 2 ) and also carry flpA (d) genes (unpublished data). Transfer of the pRKS01 plasmid, either by conjugation or as a phage, would alter the array of antigenic flagellin types produced by the recipient cell and, thus, would generate a novel complex serovar. Moreover, because their flagellin genes are available for homologous recombination with chromosomal flagellin genes, plasmids of this type also provide a mechanism for the evolution of new monophasic and diphasic serovars.
